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(54) Antifriction coating for metals and process for its manufacture 



(57) An antifriction coating comprises a lubricant, a 
corrosion inhibitor, and a solvent, wherein the lubricant 
comprises a mixture of phenolic resin, epoxy resin, pol- 
yvinylbutyral resin and polyolefin wax, and the corrosion 
inhibitor comprises aluminium particles, zinc particles 
and a metal phosphate. Substrates are preferably pre- 



treated by a phosphating process prior to coating with 
the antifriction coating. The antifriction coating is useful 
for coating substrates such as nuts, bolts and other fas- 
teners, door, bonnet and boot lock parts, hinges, door 
stoppers, window guides, seat belt components, brake 
rotors and drums, and other transportation industry re- 
lated parts. 
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Description 

[0001] The present invention relates to an antifriction coating which comprises a lubricant, a corrosion inhibitor, and 
a solvent. 

s [0002] Antifriction coatings are well known in the art as high performance dry lubricants offering maintenance-free 
permanent lubrication under working conditions which conventional lubricants (such as mineral-oil and synthetic greas- 
es) cannot withstand, for example in terms of load carrying capacity, temperature range, adhesion, fretting corrosion 
protection, and/or chemical resistance. Antifriction coatings are dispersions of solid lubricants, for example molybde- 
num disulphide, graphite and polytetrafluoroethylene, in resins and sotvents, for example organic solvents and water. 

10 They are applied to a substrate as a thin coating (typically 5 to 20|im) forming a dry film on the substrate surface by 
conventional application techniques, such as spraying, dipping or brushing , followed by heating to evaporatethe soty^ pt 
and cure the coating. Application of antifriction coatings to substrates is often improved by pretreatment of the substrate 
surface, for example by phosphate coating, fine sandblasting, pickling or anodisina. Typical applications for antifriction 
coatings include dry permanent lubrication of bolts, hinges, lock parts, magnets, running-in aids for engines and gear 

15 parts, and applications where limited corrosion protection is required. 

[0003] The present inventors have found an increasing demand from industry for coatings for metal surfaces which 
can provide a hi gh levelof corrosion protection , cathodic protection, and for-life" dry lubrication(i.e. the metal surface 
needs coating^onfy onceduring its working life) with defined and constant coefficient of friction. Commercially available 
coatings are unable to satisfy al! of these demands. 

20 [0004] The present invention provides an antifriction coating which, alone or in combination with other antifriction 
coatings, can provide high corrosion protection, cathodic protection, and for-lif e lubrication with defined and constant 
coefficient of friction. 

[0005] According to the present invention in a first aspect there is provided an antifriction coating which comprises 
a lubricant, a corrosion inhibitor, and a solvent, wherein the lubricant comprises a mixture of phenolic resin, epoxy 
2S resin, polyviny Ibutyral resin, and polyolefin wax, and the corrosion inhibitor comprises aluminium particles, zinc particles 
and a metal phosphate. 

[0006] The lubricant used in the antifriction coating of the present invention comprises a mixture of phenolic resin, 
epoxy resin, polyvinylbutyral resin and polyolefin wax. Preferably, the lubricant comprises 10 to 80% by weight (e.g. 
15 to 25% or 65 to 75%) phenolic resin, 15 to 60% by weight (e.g. 18 to 25% or 40 to 50%) epoxy resin, 1 to 25% 
30 polyvinylbutyral resin (e.g. 2.5 to 3.5% or 1 5 to 25%), and 2 to 1 5% by weight (e.g. 5 to 6% or 1 2 to 1 5%) polyolefin 
wax to a total of 100% by weight. Preferred phenolic resins include copolymer of phenol and formaldehyde and copol- 
ymer of phenol, formaldehyde and cresol, a preferred epoxy resin is copolymer of bisphenol A and epichlorohydrin, a 
preferred polyvinylbutyral resin is polyvinyl acetate polyvinyl alcohol butyral, and a preferred polyolefin wax is micro- 
nised polypropylene wax. 

35 [0007] The corrosion inhibitor used in the antifriction coating of the present invention comprises aluminium particles, 
zinc particles and a metal phosphate; The aluminium particles may be in the form of powder or paste, with aluminium 
paste being preferred. The zinc particles may be in the form of zinc powder, for example zinc spheres or zinc flake, 
and may comprise a mixture of zinc spheres and flake (such as in a weight ratio of spheres to flake of from 1 .5/1 to 
2.5/1, for example 2/1). Preferred metal phosphates ar e sodium metaphosphate and zinc-aluminium polyphosphate 

40 hydrate. The corrosion inhibitor preferably comprises 70 to 85% by weight (e.g. 75 to 82%) of zinc particles, 5 to 1 5% 
by weight (e.g. 5 to 10%) of aluminium particles, and 5 to 15% by weight (e.g. 10 to 15%) of metal phosphate to a total 
of 1 00% by weight. The particle size of the corrosion inhibitor should be sufficiently small so as to provide an antifriction 
coating of suitable thickness, for example from 5 to 20um 

[0008] Solvents for use in the antifriction coating of the present invention are well known in the art. Suitable solvents 
45 for use in antifriction coatings include water, alcohols (e.g. methanol, ethanol, propanol, butanol), ketones (e.g. acetone, 
methyl ethyl ketone, methyl butyl ketone, cyclohexanone), esters (e.g. butyl acetate), heterocyclic (e.g. N-methylpyr- 
rolidone) and non-heterocyclic aromatic solvents (e.g. toluene, xylene), including mixtures thereof. Preferred solvents 
for the antifriction coating according to the present invention are ketones, and a mixture of 25 to 75 % (e.g. 45 to 60%) 
by weight methyl ethyl ketone, 10 to 50% (e.g. 20 to 30%) by weight methyl isobutyl ketone and 5 to 40 % (e.g. 20 to 
so 25%) by weight cyclohexanone is particularly preferred to a total of 1 00% by weight. 

[0009] The antifriction coating of the first aspect of the present invention may also comprise a molecular sieve to 
prevent gas formation during preparation and/or application thereof. 

[0010] The antifriction coating of the first aspect of the present invention thus comprises a lubricant, a corrosion 
inhibitor and a sofvenU Preferably, the antifriction coating comprises 40 to 65%, more preferably 45 to 60 %, by weight 
55 of corrosion inhibitor, 10 to 25%, more preferably 15 to 20%, by weight of lubricant, and remainder solvent. 

[001 1 ] The antifriction coating according to the present invention can be prepared by mixing its components together 
using conventional apparatus, preferably by first blending together the solvent and lubricant and then adding the cor- 
rosion inhibitor. 
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[0012] The antifriction coating according to the present invention may be applied to a surface by any conventional 
application technique, for exampl e brushing, dipping, and spraying ( e.g. by aerosol can). Other common application 
methods include spraying drums, centrifuges, electrostatic or automatic spraying, printing and roller coating. The cho- 
sen method of application will depend upon the shape, size, weight and quantity of items to be coated. Preferably, 2, 

s 3 or more coating layers are applied. The coating thickness has a considerable influence on the life, coefficient of 
friction and anti-corrosion properties of the antifriction coating, and should be greater than the roughness of the surface, 
typically from 5 to 20um. Once the surface has been coated with the antifriction coating, it is dried t o evaporate the 
solvent and cure the coating. The antifriction coating according to the present invention can be cured by , for example, 
heating at 200°C for 20 minutes. The cured antifriction coating preferably comprises 70 to 80% by weight corrosion 

10 inhibitor and 20 to 30% by weight lubricant. 

[0013] The antifriction coating according to the first aspect of the present invention may be used alone or in combi- 
nation with other commercially available antifriction coatings, including the following preferred commercially available 
antifriction coatings (percentages by weight): 

is Coating A : 20-25% lubricant - mixture of phenolic, epoxy and vinyl butyral resins, and PTFE. 

70-75% solvent - mixture of methyl ethyl ketone, methyl isobutyl ketone, and cyclohexanone. 

Coating B : 30-35% lubricant - polyamide-imide resin, molybdenum disulphide and graphite. 

65-75% solvent - mixture of N-methylpyrrolidone, xylene, and ethyl benzene. 

20 

Coating C : 35-45% lubricant - mixture of antimony trioxide, epoxy resin, lead oxide phosphonate and molybdenum 
disulphide. 

55-65% solvent - mixture of toluene, methanol and ethanol. 

25 [0014] Particularly preferred combinations of coating layers include: 

1) 1, 2 or 3 coating layers of the antifriction coating of the present invention. 
' 2) 1 or 2 coating layers of the antifriction coating of the present invention followed by 2 or 3 coating layers of 
Coating A, B, or C above. 

30 

[001 5] According to the present invention in a second aspect there is provided a method for coating a substrate with 
an antif rictbn coating, which method comprises pretreating a substrate to be coated, and coating the substrate with 
the antifriction coating according to the first aspect of the present invention. 

[0016] Substrates are pretreated prior to coating with an antifriction coating to improve adhesion and life of the 
35 antifriction coating. Conventional methods of pretreatment include degreasing ( for example, using solvents or steam), 
treatment of corroded surfaces by acid or alkali, phosphating, oxalic acid treatment of stainless stee l, sandblasting and 
anodizing. Phosphating is the preferred pretreatment for iron and steel components prior to coating with the antifriction 
coating of the present invention. Particularly preferred is a phosphating process which process comprises coating an 
item to be treated with a solution containing cobalt and/or nickel ions, and preferably also containing stannous ions. 
40 [001 7] The antifriction coating according to the present invention can thus be used to provide high corrosion resist- 
ance, cathodic protection, and for-life lubrication with defined and constant coefficient of friction for articles such as 
automotive components, for example nuts, bolts and other fasteners, door, bonnet and boot lock parts, hinges, doo r 
stoppers, window guides, seat belt components, brake rotors and drums, and other transportation industry related parts. 
[0018] The present invention will now be illustrated by way of example. All percentages are by weight. 

45 

Example 1 

[0019] An antifriction coating according to the present invention was prepared by mixing the following materials: 

so 1 o% phenolic resin 

3% copolymer of bisphenol A and epichlorohydrin resin 

0.8% micfonised polypropylene hydrocarbon wax 

0.5% polyvinyl acetate polyvinyl alcohol butyral 

29% zinc powder 
55 14% zinc flake 

6% sodium metaphosphate 

4% aluminium paste 

14% methyl ethyl ketone 
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7% methyl isobutyl ketone 
6% cyclohexanone 

Remainder - minor amounts of formaldehyde, n-butanol, 2-methyl-1 -propanol, phenol, dibutytamine and xylene. 

5 

Example 2 - substrate pretreatment 

[0020] Steel bolts , 10 mm diameter by 60 mm height, were pretreated by phosphating according to the following 
process! 

10 The bolts were immersed in a hot alkaline cleaner for 10 minutes at 80°C and then rinsed in hot water at 75°C. The 
bolts were then pickled in 10% by weight hydrochloric acid b y immersion for 10 minutes at room temperature, and 
rinsed with cold water, followed by immersion in oxalic acid conditioner for 1 minute and further rinsing with cold water. 
A first phosphating solution was prepared which comprised 23% by weight of phosphoric acid (75%), 8% by weight 
nitric acid (67%), 9% by weight zinc oxide, 0.2% by weight sodium metaphosphate, and remainder water, and a bath 

15 was prepared by diluting 7.5 parts of the first phosphating solution in 92.5 parts water. The bolts were then immersed 
in the bath containing the first phosphating solution for 20 minutes at a temperature of 75°C and then rinsed with cold 
water. The bolts were then immersed in a second phosphating solution which comprised 2.0% by weight cobalt acetate, 
0.20% surfactant and remainder water, at 75°C for 5 minutes, followed by a cold water rinse, a hot water rinse and 
drying. 

20 

Example 3 - substrate coating t 

[0021] The pretreated bolts of Example 2 above were coated with antifriction coatings AF1 to AF3 below. Each 
coating layer was applied by dip spinning in a centrifuge, partial curing for 10 minutes at 200°C, followed by further 
25 dip spinning and full cure at 200°C for 20 minutes. 

AF1 - 2 coating layers of the antifriction coating of Example 1 alone. 

AF2 - 3 coating layers of the antifriction coating of Example 1 alone. 

30 

AF3 - 2 coating layers of the antifriction coating of Example 1 followed by 2 coating layers of Coating A described 
hereinabove. 

[0022] A comparative antifriction coating (CAF1 ) was also prepared which consists of 3 coating layers of Coating A 
35 described hereinabove. 

Example 4 - corrosion resistance 

[0023] Salt spray test DIN 50012 was performed on the AF1 to AF3 bolts prepared according to Example 3 above. 
40 The results are shown in Tables 1 to 3 below (average results taken from test results for 10 bolts): 



Table 1 - coating AF1 



45 



50 



55 







% corrosion 


Test 


Time (hours) 


Thread 


Head 


1 


240 


0.0 


0.0 




480 


3.0 


1.5 


2 


240 


0.0 


0.0 




480 


1.25 


1.0 


3 


240 


0.0 


1.0 




480 


0.2 


1.4 


4 


240 


0.0 


0.0 




480 


1.75 


0.75 
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Table 2 - coating AF2 



5 



10 



15 





% corrosion 


Test 


Time (hours) 


Thread 


Head 


1 


240 


0.0 


0.0 




480 


0.3 


0.0 




720 


0.3 


O.Q. 


2 


240 


0.0 


0.0 




480 


0.0 


0.0 




720 


0.0 


0.1 


3 


240 


0.0 


0.0 




480 


0.0 


0.0 




720 


0.6 


0.0 


4 


240 


0.0 


0.0 




480 


0.0 


0.0 




720 


0.6 


0.2 



25 Table 3 - coating AF3 



45 





% corrosion 


Test 


Time (hours) 


Thread 


Head 


1 


240 


0.0 


0.0 




480 


0.6 


0.0 




720 


1.2 


0.0 


2 


240 


3.0 


0.9 




480 


3.4 


1.3 




720 


6.0 


2.2 


3 


240 


0.6 


0.2 




480 


3.8 


0.6 




720 


5.2 


1.0 


4 


240 


0.2 


0.0 




480 


0.4 


0.2 




720 







Example 5 - cathodic protection 



[0024] Cathodic protection test 1SO/WD10683 was performed by coating 150mm x 75mm x 1mm steel plates with 
coatings AF1 to AF3 and CAF1 according to the method described in Example 3 above. The results are shown in Table 
4 below: 



Table 4 



55 



Antifriction coating 


% rust after 72 hours 


AF1 


0 


AF2 


0 
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Table 4 (continued) 



5 



Antifriction coating 


% rust after 72 hours 


AF3 


0 


CAF1 


100 



Example 6 - lubrication 

10 [0025] The coefficient of friction of the AF1 to AF3 bolts prepared according to Example 3 above was determined 
using an Erichsen AP 541 Bolt Testing Machine. Testing was performed on bolts having been tightened 1 and 3 times 
and against different surfaces. The results are shown in Table 5 below: 

Table 5 



15 



20 



25 



30 



Coating 


Surface 


Tightenings 


Coeff. of friction 


± variation 


None 


Steel 




0.195 


0.035 


AF2 


Steel 




0.128 


0.003 


AF2 


Steel 




0.134 


0.003 


AF2 


Painted steel 




0.134 


0.010 


AF2 


Aluminium 




0.128 


0.005 


AF3 


Steel 




0.114 


0.006 


AF3 


Steel 




0.100 


0.006 


AF3 


Painted steel 




0.109 


0.008 


AF3 


Aluminium 




0.104 


0.002 


AF3 


Steel 


3 


0.114 


0.009 


AF3 


Steel 


3 


0.108 


0.013 


AF3 


Painted steel 


3 


0.114 


0.012 


AF3 


Aluminium 


3 


0.114 


0.007 



35 

Example 7 

[0026] Further antifriction coatings AF4, AF5 and AF6 according to the present invention were prepared by mixing 
the following materials in the amounts (percentages by weight) shown in Table 6 below: 

40 

Table 6 



45 



Material 


AF4 


AF5 


AF6 


Phenolic resin 1 


3.3 


3.3 


3.3 


Epoxy resin 2 


7.0 


7.0 


7.0 


Polyvinylbutyral resin 3 


3.1 


3.1 


3.1 


Polyolefin wax 4 


2.0 


2.1 


2.0 


Zinc flake 


42.5 


32.1 


42.5 


Aluminium pigment 


3.7 


3.7 


3.7 


Metal phosphate 5 


5.7 


5.7 


5.7 



'phenot-cresokformaldehyde copolymer 
^copolymer of bisphenol A and epichlorohydrin resin 
^polyvinyl acetate polyvinyl alcohol butyral 
4 m«ron tsed polypropylene hydrocarbon wax 
5 zinc-aluminium polyphosphate hydrate 
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Table 6 (continued) 



Matprial 


AF4 


AF5 


AF6 


| Talc 




4.0 




Defoamer 


0.002 


0.002 


0.002 


Molecular sieve 


0.3 


0.3 


0.25 


Methylethylketone 


14.6 


18.0 


17.3 


Methyl isobutyl ketone 


5.8 


7.2 


6.9 


Cyctohexanone 


5.5 


6.8 


6.5 



Example 8 - substrate coating 

[0027] Steel bolts, 1 0mm diameter by 60mm height, were pretreated by following the procedure described in Example 
2 above, and were coated with two coatings of antifriction coatings AF4 to AF6 above, by following the procedure 
described in Example 3 above. 

Example 9 - corrosion resistance 

[0028] Salt spray test DIN 50021 was performed on the AF4 to AF6 bolts prepared as described in Example 8 above 
for a time of 504 hours. The results are shown in Table 7 below: 

Table 7 



AF coating 


Thickness (um) 


% corrosion (bolt head) 


AF4 


16.4 


5.8 


AF5 


17.3 


5.4 


AF6 


19.0 


2.2 



Example 10 - cathodic protection 

[0029] Unpretreated iron panels were degreased and coated on one side with each of antifriction coatings AF4 to 
35 AF6 using an Erichson spiral film applicator (wet film thickness SOjim). The panels were then dried at 80°C for 5 minutes 
and the coatings cured for 20 minutes at 200°C. After cooling, the dry thickness of the cured coatings was measured. 
Corrosion protection tape was then applied to the untreated surfaces of each panel and an X-cut made in the coated 
surface of each panel. The panels were then each placed in into a salt spray tester (DIN 50021) for 24 hours after 
which the amount of rust formation was recorded, and the results are given in Table 8 below: 

40 

Table 8 



so 



AF coating 


Thickness (um) 


% rust formation 


AF4 


3.3 


0.5 




3.7 


1.5 


AF5 


3.3 


4.5 




3.8 


0.5 


AF6 


4.3 


3.5 




4.8 


1.0 



Claims 

55 

1 . An antifriction coating which comprises a lubricant, a corrosion inhibitor, and a solvent, wherein the lubricant com- 
prises a mixture of phenolic resin, epoxy resin, polyvinylbutyral resin and polyolefin wax, and the corrosion inhibitor 
comprises aluminium particles, zinc particles and a metal phosphate. 
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2. An antifriction coating according to Claim 1 wherein the lubricant comprises 10 to 80% by weight phenolic resin, 
15 to 60% by weight epoxy resin, 1 to 25% polyvinylbutyral resin and 2 to 15% by weight polyolefin wax to a total 
of 100% by weight. 

s 3. An antifriction coating according to Claim 1 or 2 wherein the corrosion inhibitor comprises 70 to 85% by weight of 
zinc particles, 5 to 15% by weight of aluminium particles, and 5 to 15% by weight of metal phosphate to a total of 
100% by weight. 

4. An antifriction coating according to Claim 1 , 2 or 3 wherein the solvent comprises a mixture of 25 to 75 % by weight 
10 methyl ethyl ketone, 1 0 to 50% by weight methyl isobutyl ketone and 5 to 40 % by weight cyclohexanone to a total 

of 100% by weight. 

5. An antifriction coating according to any preceding Claim which comprises 40 to 65% by weight of corrosion inhibitor, 
10 to 25% by weight of lubricant, and remainder solvent. 

is 

6. An antifriction coating which comprises 1 , 2 or 3 coating layer(s) of an antifriction coating according to any preceding 
claim. 

7. An antifriction coating which comprises 1 or 2 coating layer(s) of an antifriction coating according to any preceding 
20 claim and a further 2 or 3 coating layers of an antifriction coating selected from antifriction coatings A, B and C, 

wherein: 

Antifriction coating A comprises 20-25% by weight of a lubricant mixture of phenolic resin, epoxy resin, vinyl 
butyral resin, and polytetrafluoroethylene, and 70-75% by weight of a solvent mixture of methyl ethyl ketone, 
25 methyl isobutyl ketone, and cyclohexanone; 

Antifriction coating B comprises 30-35% by weight of a lubricant mixture of polyamide-imide resin, molybdenum 
disulphide.and graphite, and 65-75% by weight of a solvent mixture of N-methylpyrrolidone, xylene, and ethyl 
benzene, and 

Antifriction coating C comprises 35-45% by weight of a lubricant mixture of antimony trioxide, epoxy resin, 
30 lead oxide phosphonate and molybdenum disulphide, and 55-65% by weight of a solvent mixture of toluene, 

methanol and ethanol. 

8. A method for coating a substrate with an antifriction coating, which method comprises pretreating a substrate to 
be coated, and coating the substrate with an antifriction coating according to any preceding Claim, and curing the 

35 coating. 

9. A method according to Claim 8 wherein the cured coating comprises 70 to 80% by weight corrosion inhibitor and 
20 to 30% by weight lubricant. 

40 10. A method according to Claim 8 or 9 wherein the substrate is pretreated by a phosphating process which comprises 
coating the substrate with a solution containing cobalt and/or nickel ions, and optionally stannous ions. 

11. Use of an antifriction coating according to any one of Claims 1 to 7 for coating a substrate, wherein the substrate 
is selected from nuts, bolts and other fasteners, door, bonnet and boot lock parts, hinges, door stoppers, window 
45 guides, seat belt components, brake rotors and drums, and other transportation industry related parts. 
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